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Few studies in intensive care units, 6, 7 however, and none in the neonatal intensive care unit (NICU) setting have addressed the effects of a hand washing intervention on the outcomes of compliance and positive blood and cerebrospinal fluid (CSF) cultures rates. The purposes of this study were two-fold. First, we attempted to determine whether hand washing compliance could be improved by an intensive educational and behavioral intervention. Second, we attempted to determine if the rate of positive blood and CSF cultures could be decreased by implementing an evidencebased hand washing policy. Because coagulase negative staphylococci (CONS) were responsible for the majority of acquired infections in our NICU, we chose to focus primarily on this organism.
METHODS

Study Population
All patients cared for in the Lucile Packard Children's Hospital intensive care nursery between 1/1/98 and 11/30/99 were included in the study. The Lucile Packard Children's Hospital NICU is a large academic level III unit supporting a busy high-risk obstetrics service. All newborns not classified as a ''well baby'' are initially admitted to the NICU for evaluation and therapy.
OBJECTIVE:
To determine the effect of implementing an evidence -based hand washing policy on between -patient hand washing compliance and on blood and cerebrospinal fluid ( CSF ) culture rates in a level III neonatal intensive care unit ( NICU ) .
METHODS:
An evidence -based hand washing policy, supported by an intensive education program, was introduced in a regional NICU. A total of 2009 preintervention neonates ( 16,168 patient days ) over 17 months were compared to 676 postintervention neonates ( 5779 patient days ) over 6 months. Hand washing compliance and rates of blood and CSF cultures yielding coagulase negative staphylococci ( CONS ) were compared before and after intervention. patient days, p = 0.074 ) as well. Potential confounders and demographics factors were similar between the control and intervention subjects.
CONCLUSION:
Implementation of an evidence -based hand washing policy resulted in a significant increase in hand washing compliance and a significant decrease in false -positive coagulase negative staphylococcal blood and CSF culture rates. Exploratory data analysis revealed a possible effect on true -positive coagulase negative staphylococcal blood and CSF culture rates, but these results need to be confirmed in future studies. Original Article
Study Protocol
This study used a quasi-experimental design with historical controls. Patient data were collected for the control time frame (1/1/98 through 5/31/99) and the intervention time frame (6/1/99 through 11/30/99). Blood and CSF culture rates were measured before and after an evidence-based hand washing policy and compliance program was introduced. Pulmonary, eye, and skin infections as well as viral infections were not included due to a lack of consistent laboratory evaluations for these in our NICU. Patient care provider adherence to hand washing procedures was prospectively assessed before and after the June 1, 1999 introduction of this intervention. Known correlates of neonatal infection, including days of tracheal intubation (ETT days), days of parenteral nutrition (TPN days), days with a central venous line, and length of stay, were evaluated for differences between control and intervention groups. No institutional review board approval was required as the patient data were anonymously collected for infection control surveillance.
Hand Washing Policy Creation and Dissemination A multidisciplinary task force was created to develop an evidencebased hand washing policy for use in the NICU. Literature review and expert consensus were used to create an evidence-based hand washing policy modified for the local environment (Table 1) . Staff was educated through educational sessions and notices, reminder stickers were placed on infant isolettes, reminder posters were displayed, compliance data and infection data were monitored and displayed, and an open book test was performed by each member of the nursing staff to determine comprehension of the new policy. Official implementation of the policy occurred on 6/1/99.
Data Collection
Positive blood and CSF cultures from the NICU were identified for each calendar month pre-and postintervention from routine reports generated from the hospital laboratory. Cultures were prospectively classified by the Infection Control Team into transplacental and nosocomial categories and into ''true-positive'' and ''false-positive'' categories based on criteria established by the CDC. 8 Rates of positive cultures were determined by dividing the number of infections by the number of patient days for each month. Surface cultures of infants and caregivers were not performed because demonstration of an effect on superficial colonization would have no clear implications regarding patient outcomes or management. Hand washing compliance was determined through direct observation of the study subjects by staff nurses before the intervention and on three separate occasions after (2, 3, and 6 months) the intervention was introduced. Subjects chosen by convenience sampling were unaware that compliance was being observed. Baseline compliance data were collected between 11/98 and 3/99 before creation of the new hand washing policy. Compliance rates were calculated by dividing the total number of observations in which providers washed between patients by the total number of observations. Some individuals may have been observed for hand washing compliance more than once. Seven categories of service providers were evaluated; three groups (house staff/neonatal nurse practitioners, surgeons, and X-ray technicians) with the lowest compliance were combined for comparison before and after the intervention. Phlebotomy technique for blood cultures was assessed pre-and postintervention from direct observation by staff nurses of unaware subjects chosen by convenience sampling. Outcomes of interest included appropriate preparation sequence (defined in our hospital as ethanol, Betadine, ethanol), Betadine dry time greater than 1 minute, palpation finger prepped appropriately, and ethanol pad remaining on the culture bottle until blood was injected. ETT days, TPN days, and lengths of stay were obtained through the hospital billing database. ETT and TPN rates were determined by dividing the total number of ETT or TPN days by the total number of patient days. Central line days were prospectively tracked and rates for each month (line days per 1000 patient days) were determined by dividing the total number of line days by the total number of patient days. Census data (total patient days per month) were obtained from daily patient rosters in the NICU.
Statistical Analysis
Monthly culture, central line, and census rates were compared between the control and intervention groups using the twotailed Mann-Whitney test. Lengths of stay were compared using the two-tailed t-test. Percentage of patients under 1500 g, ETT rates, TPN rates, hand washing compliance, and phlebotomy technique compliance were compared using Chi-squared analysis. Demographic data were analyzed using t-tests for rates, and Chi-squared tests for percentages. All statistics were determined using SPSS software (SPSS, Chicago, IL, version 9.05, 1999).
RESULTS
Patient Characteristics
A total of 2009 patients (16,168 patient days) comprised the ''control'' group and 676 patients (5779 patient days) the ''intervention'' group. No difference existed between the two groups for birth weight, gestational age, sex, ETT rates, TPN rates, length of stay, central line days, or census rates except for more patients with ''unknown/other'' ethnicity in the intervention group (Table 2) .
Compliance Observations
Forty-six health care providers from seven types of care providers were evaluated for between-patient hand washing compliance before the intervention (Figure 1 ). Thirty-two of these 46 persons (70.0%) at baseline were compliant. The subgroup of house staff/neonatal nurse practitioners, surgeons, and X-ray technicians had a combined baseline between-patient compliance of 47.4% (9 of 19) at baseline ( Figure 2 ). Compliance with between-patient hand washing for this subgroup improved to 85.4% (41 of 48) after the intervention was introduced (p=0.001). Each subgroup improved compliance from baseline (surgeons 33% to 50%, neonatal nurse practitioners/house staff from 43% to 91%, and X-ray technicians from 56% to 94%). A Chi-squared test for homogeneity revealed no difference between the 2-month postintervention, 3-month postintervention, and 6-month postintervention data (p=0.39); thus, they were combined into one ''postintervention'' sample. Phlebotomy technique did not vary Compliance of a subgroup of three service provider groups ( house staff / neonatal nurse practitioners, surgeons, and X -ray technicians ) to appropriate between -patient hand washing before and after a hand washing intervention was introduced. Postintervention compliance was significantly higher (p < 0.005 ). 
DISCUSSION
Two major conclusions can be drawn from this study. First, an evidence-based hand washing policy, when coupled with an aggressive implementation campaign, can dramatically improve hand washing compliance in a large academic level III NICU. Second, an evidence-based hand washing policy can impact the clinically important outcome of false-positive CONS blood and CSF culture rates. This study is the first we are aware of that shows this link of a hand washing intervention to false-positive CONS cultures in a NICU. Major consequences of decreasing false-positive CONS blood and CSF culture rates may include decreased antibiotic use and potential decreased length of stay. Fungal infection rates 9, 10 and selection of vancomycin-resistant organisms 11, 12 should decrease when antibiotic use is appropriately curtailed. Reduced health care costs should result from decreased antibiotic usage, decreased fungal infections with their associated medications and laboratory exams, decreased laboratory costs, fewer costly invasive procedures (central lines, lumbar punctures), and the potential for decreased length of stay. 13 Although we did not see a decreased length of stay in the postintervention population as a whole, we did not compare subjects with and without false-positive CONS blood or CSF cultures to determine their impact on length of stay.
Further exploratory data analysis revealed no significant decrease in true-positive CONS culture rates with the hand washing intervention. At least two possible explanations for the decrease in false-positive CONS rates without a similar decrease in true-positive CONS rates exist. First, good hand washing leads to fewer CONS colony counts on caregivers' hands with a resultant decrease in transfer of CONS bacteria to patient skin. 14 Increased colonization of infant skin may have a more profound effect on false-positive rates than true-positive rates due to increased blood and CSF culture contamination. A second explanation may be that this study lacked sufficient power to show significant decreases in true-positive rates despite a 42% decrease in mean true-positive infection rates. Three additional months of true-positive CONS cultures at the mean postintervention rate (1.2 per 1000 patient days per month) would be required to establish statistical significance.
The definition of a true nosocomial infection remains controversial. The criterion we used to define a false-positive CONS culture was a positive CONS culture not associated with a true infection as defined by the CDC. 8 Other definitions of true infections are supported in the literature as well. 15 Of importance to our study is that our definition is credible and remained constant during the 23-month study period. Any biases resulting from the definition choice were present during the entire study period, and therefore are an unlikely explanation for the observed change in false-positive CONS culture rates.
Maintenance of improved compliance with a hand washing policy for 6 months is unusual. Prior attempts at introducing hand washing programs have generally failed within the first 1 to 2 months after implementation. 3,16 -18 Reasons for poor hand washing compliance include a lack of time, 5, 19, 20 skin dryness or irritation, 1,21 -23 a shortage of sinks, 5, 16, 24 and forgetfulness. 5 Reasons for extended compliance in our study therefore may include the use of efficient and convenient alcohol rubs 5, 25, 26 aggressive performance feedback, 3, 17, 18, 27 public display of compliance data, and extensive point of service reminders. 28 -32 Several limitations of this study exist. First, the results may be biased or invalid if the control and intervention patient populations were not similar. We evaluated potential confounders for positive cultures and found these to be similar in the preintervention and postintervention groups. Unknown confounders may, however, still exist and could potentially bias the results of the study. Second, the control and intervention medical providers evaluated for hand washing compliance may not be similar and may render the results of the compliance data biased or invalid. Efforts to compensate for this limitation included convenience sampling, the definition of three provider types for reassessment, and sampling over a 6-month time frame. Third, the sample sizes for evaluating compliance were small as a result of using direct observation audits for data collection. We attempted to minimize the effect of small sample sizes by narrowing the provider type assessed to the least compliant three groups to allow for a larger response to the intervention. Fourth, surface cultures were not obtained before and after the intervention. Although these cultures would be reassuring that the hand washing technique was effective, we felt that the evidence showing decreased hand carriage of pathogens after proper hand washing in the literature was convincing. 19, 21, 33 The cost of surface cultures is substantial and we believed that demonstration of an effect on superficial colonization would have no clear implications regarding patient outcomes or management. Finally, secular trends or new care practices could be responsible for changes in outcomes when historical controls are used. Although secular trends or new care practices cannot be ruled out, our data suggest that hand washing was the major reason for the improved infection rates. First, our implementation strategy resulted in improved hand washing compliance rates. Second, known confounders for positive cultures were not significantly different between the control and intervention populations. Third, major practice changes that are known to affect positive culture rates, such as skin care, 34, 35 line care, 36 -38 or blood-draw techniques, 39, 40 did not occur during this 23-month study period. Aquaphor was used on the skin of all high-risk infants uniformly throughout the trial and blood-draw techniques were similar. Fourth, patient characteristics known to affect positive culture rates such as birth weight, or gestational age, 41 -43 were not different after the intervention was introduced. Finally, non-CONS infection rates remained constant during the intervention. Approximately 30% of non-CONS bloodstream infections in high-risk nurseries in the United States are due to Group B Streptococcus and E. coli that are generally acquired vertically from the mother. 44 As a result, hand washing would not be expected to affect the rates of these infections. As expected, this study showed no change in infection rates for Group B Streptococcus and E. coli or for non-CONS organisms after the intervention. If secular changes were responsible for the decreased false-positive CONS culture rates, then an improvement in true-or false-positive non-CONS culture rates should have occurred as well.
In conclusion, our data suggest that an evidence-based hand washing policy coupled with aggressive efforts to improve compliance significantly improved hand washing compliance and decreased false-positive CONS culture rates in a NICU. Secondary data analysis revealed a trend toward decreased true-positive CONS culture rates as well. There were no statistical differences in potential confounders between control and intervention groups. Potential consequences of decreased false-positive CONS culture rates include fewer courses of antibiotics, less frequent yeast colonization and infections, less antibiotic resistance, decreased costs, and decreased length of stay. Future work should address the long-term effects of an evidence-based hand washing policy with aggressive implementation strategies on compliance, true-positive cultures, costs, and length of stay; a randomized controlled trial of this intervention may be warranted if ethically feasible to eliminate such potential biases as secular trends or improved care practices on the study outcomes.
